Objective: To identify the geographic distribution of households with goats and rates of adverse pregnancy outcomes in women, and assess healthcare providers' perceptions towards risk of adverse pregnancy outcomes related with exposure to goats or their raw products during pregnancy and their intention to do risk screening. Material and Methods: A cross-sectional study was conducted in Songkhla province using the number of households with goats and the rates of abortion, stillbirth, and preterm birth reported in the Thailand 2015 Universal Coverage Scheme database. The perceptions towards risk of exposure to goats or their raw products and the intention to do risk screening according to the Health Belief Model of 46 healthcare providers from four districts of this province were using correlation analysis and multiple linear regression. Results: A high number of households with goats was found in all four districts but the number of households with goats was not significantly correlated with any of the rates of adverse pregnancy outcomes. Most perceptions of healthcare providers were highly correlated with intention to do risk screening, except their perceptions on barriers. Cues to action was significantly (p-value=0.018) associated with intention to do risk screening in multiple regression analysis.
Introduction
Due to increasing market demand, goat businesses have been expanding worldwide, particularly in Asian countries, during recent decades. 1 Goat production in Thailand has been promoted according to a national policy. As a result, dairy and meat goat populations have grown rapidly in many regions including southern Thailand, where Thai Muslim communities are common. 2 Intensive production, animal movements, and poor hygiene practices create an increased risk of spreading animal-derived infectious diseases. 3 In general, these zoonotic diseases can be transmitted from infected goats to humans, leading to human health impairment in endemic areas. 4, 5 Younger, older, or immunocompromised people and pregnant women are at greater risk of contracting zoonotic diseases than healthy individuals. Toxoplasmosis, brucellosis, and coxiellosis are common bacterial zoonotic diseases reported in pregnant women at risk due to a history of raw goat meat or milk consumption or living in areas where those diseases are endemic. [5] [6] [7] Earlier studies have found goats domesticated in Thailand were seropositive for these three pathogens. [8] [9] [10] Previous studies have found that adverse pregnancy outcomes were the major risk to women's health in relation to these zoonotic diseases. [11] [12] [13] In southern Thailand, a previous study found that pregnant women seropositive for brucellosis were more likely to have a history of exposure to raw goat products.
14 This increased risk requires special attention from public health authorities about the health threat from goat raising and exposure to raw goat products.
In health prevention, healthcare providers are the key personnel in the human health sector in communications with people about ways to promote good health. An improved understanding of healthcare providers' perceptions toward zoonotic diseases is essential for establishing effective practices to improve diagnosis and treatment of these diseases. 15 The Health Belief Model (HBM) is a framework for addressing individuals' perceptions that evoke health concerns, which leads to their intention to do preventive health care action thereafter. 16, 17 The model comprises six components, perceived susceptibility (perceived vulnerability to an unwanted condition), perceived seriousness (perceived severity of contracting an unwanted condition), perceived benefits (perceived advantages to encouraging preventive behaviors), perceived barriers (perceived limitations of preventive behaviors), self-efficacy (belief in being able to successfully instill the preventive behaviors in the target population), and cues to action (triggers or facilitators for beginning a preventive behaviors program). This HBM model can be used as a tool for evaluating individuals' perceptions regarding preventive action not only at the patient level, but also at the healthcare provider level. 18, 19 The issue of infection from animals to humans, particularly in areas with high goat populations, has been to date neglected in southern Thailand, and there is little or no information concerning the attitudes of local healthcare providers to these risks available. This study aimed to (i) identify the geographic distribution of households with goats and rates of adverse pregnancy outcomes in women, and (ii) assess healthcare providers' perceptions towards risk of adverse pregnancy outcomes related to exposure to goats or their raw products during pregnancy and their intention to do risk screening.
Material and Methods
Study design and setting A cross-sectional study was conducted including a secondary analysis using the database of the Thailand 2015 Universal Coverage Scheme for geographic distribution and a survey of healthcare providers for their perceptions. For the geographic distribution information, all districts of Songkhla province were selected as the study area because Songkhla province is located in southern Thailand, where goat production is popular for household (Figure 1) . 20 The top four districts ranked by numbers of households with goats in the province were Chana, Thepha, Saba Yoi, and Na Thawi districts, which were then chosen for the study of healthcare providers' perceptions carried out from 1 October to 30 Data for the geographic distribution study There are 16 districts, 129 sub-districts, and 497,127 households in Songkhla province, which has a land area of 7,394 square kilometers. 21 We obtained the number of registered households with goats in each district in 2015 of the province from the Songkhla Provincial Livestock Office (available from: http://pvlo-sgk.dld.go.th). This dataset was employed to create a thematic map which was then used as a base map to access data on adverse pregnancy outcome rates reported in the same year. The data on obstetric health conditions among pregnant women in 2015 of each district of the province was retrieved from the National Health Security Office database, Thailand. Adverse pregnancy outcomes including abortion (premature expulsion of an embryo or fetus from the uterus up to 23 weeks of pregnancy and weighing up to 500 grams), stillbirth (birth of a baby showing no signs of life), and preterm birth (birth before 37 complete gestational weeks) data were gathered from this dataset to create a bubble map based on the adverse pregnancy outcome rates for each district in the province.
Study participants and sample size
All healthcare providers responsible for antenatal care who worked in primary care units or health promoting hospitals in the four study settings were asked to participate in the study. As a result, the sample size calculation was not applicable.
Data for healthcare providers' perceptions study
Preparatory phase A questionnaire was constructed to measure the perceptions of healthcare providers regarding the risk of adverse pregnancy outcomes related to exposure to goats or raw goat products (meat or milk). The framework and details of the six components of the HBM, namely perceived susceptibility, perceived seriousness, perceived benefits, perceived barriers, self-efficacy, and cues to action, and the link of intention to do risk screening are presented in Figure 2 .
Perceived susceptibility and seriousness of risk of exposure to goats or raw goat products in pregnant women and the perceived benefits of risk screening were assessed through six statements each. Perceived barriers to risk screening were measured in three statements, and selfefficacy and cues to action to do risk screening were measured in two statements. Higher scores indicated higher susceptibility, seriousness, benefits, barriers, selfefficacy and cues to action. Intentions to do risk screening and provide counselling were also measured. Each item was evaluated by a 5-point Likert scale with the options of "strongly disagree", "disagree", "uncertain", "agree", and "strongly agree".
The components of the HBM statements were validated by three experts including an obstetrician from a district hospital, a lecturer from the Faculty of Nursing, and a nurse who was experienced in antenatal care. The statements were assessed in terms of relevance ("not relevant", "somewhat relevant", "quite relevant" or "highly relevant"), conciseness ("not concise" or "concise"), and clarity ("not clear" or "clear"). The comments were considered and a content validity index was calculated and assessed at 0.81 to 1.00. The internal consistency of each component was also tested among 20 healthcare providers, and good homogeneity of the constructed components was found with Cronbach's alpha scores ranging from 0.81 to 0.98.
Data collection phase
A final constructed questionnaire was given to each participant at their hospital. Before participating in the study, all recruited healthcare providers received an information sheet and a consent form to consider. All of them agreed and signed the consent form resulting in 46 healthcare providers included in the study. They were requested to do the questionnaire by themselves, separately from the other participants. The completed questionnaires were kept in sealed envelopes and collected by the researchers within a month after they were distributed.
Apart from the 27 items of the HBM and the intention to do screening questionnaires, baseline characteristics were collected, including the district of the hospital, age, gender, marital status, educational attainment, current job position, hospital level, working experience, and average number of pregnant women seeking care per week in their workplace.
Figure 2
Conceptual framework of the study using a modified Health Belief Model of healthcare providers' perceptions toward risk of adverse pregnancy outcomes related with exposure to goats or raw goat products in pregnant women and their intention to do risk screening
Data analysis
Data were double-entered into Epi-data version 3.1 and analyzed using R software. For the geographic distribution study, the data on the number of registered households with goats were analyzed as frequencies and grouped into classes on a thematic map. The rates of adverse pregnancy outcomes including abortions, stillbirths, and preterm births were analyzed in percentages and grouped into classes on a bubble map. Those two data maps were drawn by R software to determine the geographic distributions of the number of households with goats and the rates of adverse pregnancy outcomes. Pearson's correlation was calculated to analyze the relationship between them.
For the healthcare providers' perceptions study, the baseline characteristics were analyzed in percentages. The scores of the health belief model components were analyzed in means with standard deviations, with the district names anonymized using A, B, C, and D instead. One-way analysis of variance (ANOVA) was applied to determine statistically significant differences among the scores of each health belief model component and intention to do risk screening of the healthcare providers from all districts. Where the difference by ANOVA was significant, the post hoc Tukey Honest Significant Difference test was used to detect a difference between the means of all possible pairs. Multiple linear regression analysis was used to predict the scores of intention of the scores of the six health belief model components. The level of significance was considered as a p-value less than 0.05.
Results

Geographic distribution of number of households with goats and rates of adverse pregnancy outcomes
The geographic distribution of the number of households with goats and the rates of adverse pregnancy outcomes in the 16 districts of Songkhla are presented in Figure 3 . The number of registered households with goats widely varied from 1 to 1,107 households. The top four districts with the highest numbers of registered households with goats were Thepha, Chana, Saba Yoi, and Na Thawi districts (1,107, 967, 457, and 387, respectively). No significant correlations between the number of households with goats and adverse pregnancy outcomes were found. The rates of abortion among these four districts were quite similar (Figure 3a) . The rates of stillbirth ranged widely from 0 to 15 per 1,000 deliveries across the province (Figure 3b ). The rate of preterm birth was highest in Chana district (12.4%), followed by Na Thawi, Saba Yoi, and Thepha districts (5.9%, 5.6%, and 3.3%, respectively) ( Figure 3c ).
Characteristics of participants
A total of 46 healthcare providers from 23 hospitals (1 district hospital, 6 primary care units, and 16 health promoting hospitals) in the 4 study districts were recruited and completed the questionnaire ( Table 1 ). All of them were female and were active in antenatal care screening and counseling for pregnant women. Their mean age was 35.2±8.1 years and approximately three-fourths (36/46 78.3%) of them were married or widows. For service Table 2 . Intention to do screening, perceived barriers, self-efficacy and cues to action of the healthcare providers among the four districts were not significantly different. Perceived susceptibility, perceived seriousness and perceived benefits were significantly different across the four districts with the healthcare providers in two districts (districts B and D) rating these things at high levels compared to the other two districts (districts A and C).
The results of multiple linear regression analysis indicated that at least one of the HBM components was related to their intention to do risk screening (adjusted R 2 = 0.358, F (6, 39)=5.189, p-value<0.001). It was found that cues to action, which were specific education or training and warning message of endemic zoonosis, significantly predicted their intention to do risk screening (coefficient= 0.339, p-value=0.018), while the other factors were not related (Table 3) . Most healthcare providers chose print media including brochures or posters as the most effective media to use in counselling pregnant women (mean score 4.5±0.5), followed by the internet (mean score 4.2±0.8), television (mean score 4.1±0.7), and radio (mean score 3.9±0.8).
Discussion
A high variation in the number of households with goats was found in the districts in Songkhla province; however, these variations were not correlated with the rates of women's adverse pregnancy outcomes across the districts in 2015. The intention to do risk screening for exposure to goats and raw goat products in pregnant women was high among healthcare providers in the four districts of the province chosen for the study. The health care providers showed high perceptions of risk exposure and the intention to do risk screening in pregnant women in all components, with cues to action being the most significant component indicating increased intention to do risk screening. A, B, C, and D are used for the study districts to maintain anonymity
Perceptions and intention to do risk screening
The healthcare providers' intention to do risk screening and perceptions regarding HBM are shown in Table 2 Healthcare providers' scores of intention to do risk screening and their health belief model components for risk of adverse pregnancy outcomes among women exposed to goats or raw goat products during pregnancy (n=46) We could not find another study examining or comparing the correlation between the numbers of households with goats and rates of women's adverse pregnancy outcomes as our study did. This may be because the causes of adverse pregnancy outcomes are multifactorial including various mechanisms apart from zoonotic diseases in women such as toxoplasmosis, brucellosis and Q fever. [22] [23] [24] Previous studies have reported that pregnant women living in the vicinity of goat farms were at the same risk as the goat farmers of contracting zoonotic infections from a contaminated environment, particularly those living in endemic areas of those diseases. 6, 25 The high level of healthcare providers' intention to do risk screening for exposure to goats or raw goat products during pregnancy in our study indicated that the healthcare providers considered themselves to have a formal role in health promotion and prevention and agreed that recognizing, diagnosing and treating zoonotic diseases among people at risk was an important part of their work. 26 A previous study conducted in the United States of America showed that the healthcare providers rarely asked about a history of animal exposure when they met their patients. 15 This reflects the limitations around risk recognition and health education on zoonotic infections.
Component
High perceptions of healthcare providers toward risk of exposure to goats or their raw products in pregnant women were found in our study. This indicates that the healthcare providers perceived the vulnerability and threat of such exposure in pregnant women, as well as the advantages of doing risk screening, a finding in accordance with two previous studies which reported that most healthcare providers perceived the risk of disease transmission in their communities. 27, 28 However, the perception levels differed according to the age and work experience of the healthcare providers. 24, 25 Raw milk was considered to be more risky for pregnant women than raw meat by the healthcare providers in our study, a finding which was similar to a previous study which assumed a lack of healthcare providers' knowledge of the risk factors of disease transmission and barriers to counseling pregnant women. 29 Cues to action for risk screening, particularly education concerning risk exposure and notification of warning messages, was the most common reason given for an intention to do risk screening among the healthcare providers. Although previous studies did not measure the perceptions using the health belief model as in our study, they also found that when interviewing clients with animal contact, the healthcare providers would request information concerning zoonotic transmission and prevention methods. 26, [30] [31] [32] The importance of cues to action recognized among healthcare providers was supported by previous studies which reported that healthcare providers felt a limitation of disease identification and diagnosis in rural areas with prevalent human-livestock interaction and less confidence to give health advice. 15, 33, 34 This study was the first, to our knowledge, to examine a potential linkage between animals and human health using the magnitude of households with goats related to women's adverse pregnancy outcomes. Healthcare providers are the key personnel to strengthen health promotion and prevention for zoonotic diseases.
There were some limitations in this study. First, only healthcare providers in four provincial districts were included, and expanding this kind of study to include healthcare providers in other districts is required before the results would be generalizable. Second, data collection based on self-administered questionnaires may have led to some information bias; however, the objectives of the study and the requirements of actual perception and need of risk screening by healthcare providers were explained to all clearly thus this potential bias should have been small. Lastly, although healthcare providers in the same hospitals were requested to complete the questionnaires separately, the researcher could not observe them to ensure this requirement was followed.
Conclusion
A correlation between the number of households with goats and the rates of adverse pregnancy outcomes was not found. Healthcare providers in districts with high numbers of households with goats had positive perceptions and intention to do risk screening for exposure to goats or raw goat products in pregnant women. Cues to action including specific education and warning message of endemic zoonosis was the factor most influencing the intention to do risk screening.
